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STUDIES OF EXERISTES ROB ORATOR (F AB.), 

A PARASITE OF THE EUROPEAN CORN 
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INTRODUCTION 

. .Exeristes rOUOl'ato1' (Fab.) (fig. 1) is an ichneumonid parasite that 
develops externally on its host. It was found to be associated with 
the European COl'll borer (Py-rau.sta 'fl.1tuilalis Hbn.) in France early 
in the investigations initiated by the Bureau of Entomology to study 
the }Jaras~e ?Oml?lex of this i~sect pest iI,! its native h01,ne, and su?se­
quent ex1i'nslve field observatIOns (3, 4.) - have sh<4WIl It to be faIrly 
generally distributed throughout Europe. Thompson and Parker 
(6, p. 34.) report, however, that" it is found most frequently in the 
southern part of the Continent." 

The fact that it was among the first of the parasites found attacking 
th", borer led to its importation and subsequent liberation in .all the 
principal infested areas in the United States, In order to accomplish 
this distribution, extensive breeding was necessary, and during the 
course of this work an opportunity was presented to study the biology 

1 TI1I' obsel'vntions recorded In this bulletin were made In coml(~ctlon with the pnra­
site project of the EUI'OPCIlll (:ol'n-borer Investigations, D. W. Jones, In char!,:e. 'rhe 
writers ncknowledge the timely su~gl'stlous of D. ,1. Call'rey throughout the In\'\'stlgatlons
und the pI'epnrntion of tll(~ I11'ILUUSCI:ipt, I'hilip LUl!lublll's criticisms of the munuscript
and preparntlou of photngmphic lllustrntionB, H. r,..PILrker's comments on the stntus 
of the pamsite iu Europe, and the ussistauce of the vuriolls members of the stull' In the 
accumulution of the illborniOl'Y und field dILtu. Esther H. Hart mude the drawing for 
fig. 1. 

, Italic numbers i.ll pareuthesls refer to Literulure Cited, p. 25. 
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of the parasite under COIltrolled laboratory conditions, its reaction to 
meteorological influences: and its seasonal synC'1l1'onization with its 
host under controlled field-plat conditions, partic'ulady ill that part 

Ji'lOun<l 1.-El£cdHt"8 rllluJ/'n/O/', udult ft'lIlillt' IIlltl <h·tuils, 

of the one-generation IU'ea in the vicinity of Lake Erit>. rl'hese 
studies were made principally at MOlJl'oe, Mich. 

LABORATORY STUDIES 

In developing a laboratory tl'chnic by whieh lurge numbers of 
adults might be lH'oc1uct'c1, It study was made of till' n'actiolls of thp 
l)lll'asite to the vurioH:; artificial condition:; jl1lposl~d by a laboratory 
environment. Principal among these were reaction:; to tempt'ratul'e 
and moisture. 
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REACTIONS TO TEMPERATURE AND MOISTURE 

Experiments to determine the effect of variations in temperature 
and moisture on the reactions of the parasite were divided into three 
groups: (1) The'effect on the incubation of eggs; (2) the effect on the 
development between hatching of the egg'; und emergence of the 
adults; and (3) the effect on l'euetiolls of adults . 

.1NCUBA'l'ION OF r!.t1t1K 

Three experiments were conducted to determine the percentage of 
hutch and the length of the incubation period when eggs wert' 
exposed to various temperatures and humidities, 

In the first experiment a, constant ternperatul'e of 80° F. and humid­
ities ranging from 40 to 100 percent in 5 pereent intervals were main­
tained. The result." are presented in table L There is a noticeable 
increase in the percentage of hatch as the relative lllllnidity incl'easl:'s 
from 40 to 60 percent, but beyond this point little difference is noted. 
There is also a slight acceleration of incubution us the relative humid­
ity increases, 

TAllr.E 1,-{'IIclI.IJl1ticm of E;u'ds/C8 ·/'ollOra·/or ('figs at a (,OIlS/lI'lIt /cmpcra/1t:rc 
(SOD }I',) (mel V(ll'lIi-II.f! l'('/ali'l'C /tumidity 

I AYflrngcR"lnt.iv~ I:U'-'[- ~-l~' ,!A;cru~!lII1-I! Rcll1li\'l' humid· 
I 

lInlch '[ ill('uhlliion
Ill.idilY. (]leree. nt) Eggs Hnleh .... CU11111.1011 '.' lty (perccn.t)i period H period . . 
~.- ~..-~. -.~ .- -----~-;::.- "-;;;;c::: ;;O~l-;S -.. --. -~.---~ ----I 

I 
NII.mller Percent Ilou.r" 

40 I IUD no :m-' liO 00 27 
45 : .• • .: 50 !i~ 20+.s0 ". 100 !l2 "-V 
50 JOn HO 2·~ Hr. 100 91 27+ 

fiO ilS 27I;13: • I~g I ~~ ~~ 8~ nO ~ 110 28 
65. 50 II no !!.~~.. lIlO I 00 ! S5 28 
70... .' lOO ! U~ 2S-

I~__-

In a second experiment the relntiye humidity was constant at 70 
percent and the telll pprature ranged from 4fiO to 110° F. in 5° 
intervals. The results are shown in table 2. A gent'l'al inert'ase in 
the percenta~!'(.' of hntc'h takes place throughout the temperature 
range from 45° to SO°. but at 85° a deerease in hatch begins anel at 
110° there is pradieally total mortality. A similar general Pifeet 
is shown in the. Hcce]pration of incubation, although in invPl'se ratio. 
The Jenf.,rth of the \wriod is pPl'ceptibly shortPllec1 as the tpl11pel'ature 
is raised from 45° to OfjO, but above 95° there is a. slight increase. 

TABLE 2,-III('lIbatio1). Of E:rcri,~tes 1'ObOl'ator C(f!!.~ a.t a· C(}II.~f(/III.t 'rc/a/in: lwlI/idUy 
(7'0 ]1('1"(1('111) nnd 17al'lIilll! fCII/f/cra/ure! 

Aycrn~c Avern~c
Tcmrerntnrc 'l'cmpernt.urcEggs llllt{'h iucuhlltion F.g~s Hlllch Incllhntioll(0 F,)( F,) IlPriod period 

-~~.--- -- ­
Nu./III>rf Perrrnt HOlm lYumlJrr Perrent /loltr.• 

45 ... ~ ...... ' .... __ ,.. .. __ .. ~OO I 2U.l S{I... .,,~~~~ .. ~ "'. 100 112 27 
50..... __ ......... 50 10 lift !in -<-- -. _.. .,.. 50 !Kl 24~ ~ ~ 

Jjfi ___ .. _,..._~ ......... ~~ .. [,0 40 HH !I{) 50 88 22M

00. _____ ••__ ...... .,.qliO 58 Ur. 100 RO 21 
O..L..____.._....__ HIO· ::::~:::::50 70 48 r.o ns 22 
70......... __..___ 100 ~4 an 10.1•.•• _....... 50 40 23
70_.._____________ 

50 92 :10 tlll ..••...•• r,o 2 !!4!-2 

http:R"lnt.iv
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A comparison of tables 1 and 2 shows that temperature variations 
exert a far greater influence on incubation of Exer~i8te8 roborat01' 
eggs than do humidity variations. 

NeYertheless, the necessity of changing moisture conditions to meet 
the requirements of different temperature influences apparently 
represented a critical phase in the rearing of the insect. The effect 
of different combinations of temperature and humidity within the 
range of practical working conditions is shown in table 3. It will 
be noted that at each temperature the percentage of hatch, and also, 
in lesser degree, the rate of incubation, tends to increase as the rela­
tiye humidity is increased. 

TABLEl 3.-b/culJntion of Emeri.ytcs rolJorato'r eg(18 (I,t varying relative humidity 
and '/,YJ;/'I/i'llg tClI/pcra,f-u.re 

Tempern· Rellltive • A"ern~e 'remperr.' Relnlh'c A"erage 
ture (0 F,) humidity E~gs JJntch incuhotion ture (0 ];.J humidlLy Eg~s Hutch incuhniion 

period period 

---1----11--·----------1·-- ­
PfTC£1lt NU7nl)f'f Percell I f{OIlT~ Percenl NIt1nber Percelli IfOIJT~ 

200 o (I) 23%45..-,__",_ { ~~ 50 4 :?Ii ! :.~ ~g ~l 22% 
50 RO 33 22.1-1I 55 95•••. ""1 fg Igg I ~l 

;.~.,., .--, 'l ;0 I 50 U~ 30!", 22% 
05 50 94 :11 I 85 100 I 81 21 

I No hutch. 

In general, the ilWubation of eggs of Exe1'lstes1'obo1'CLt01' is con­
trolled rather definitely by temperature and relative humidity, the 
most favorable conditions being temperatures between 78° and 85° F. 
accompanied by l'ehltive humi(Jitics between 70 and 80 percent. 

llE\'ELOP},rENT l'RO}'[ EGG TO "\IlULT 

The percentage of larval survival and the length of the period 
from hatching to issuance of the adult were ut.ilized as indices to 
the parasite's reaction to variations in temperature and moisture 
dur.ing this period. Following numerous preliminary observations 
that indieated an envil'onml'nt of 80° F. und 70 percent relative 
humidity to be suitable for this period of development, experiments 
were conducted to determine the effects of temperature and moisture 
variations on the percentage of larval survival and the rate of larval 
development. The results of these experiments are given in table 4. 

TABLE 4,-1:;/I-1TivaJ, lind (/c1)elolHllellt Of E.TC/·istes rolJora/.(}I' lal'rae 1chcn sUb­
jee/eet to eliffcrc'lIt tell/pera,ture aI/(/. 1/l(}ist'll-1'C ('oncl'iiiO'II.s 1 

I 

Length 01 developmentlll period Ilt n rclnU,'(\SuryiYIIl lit II relative humidity 01­
hUlJlidit~· 01­

'1'cmpcfI\l.uroI 
(OF.) 

____ :5r}fJrCen~J~~;:~t~lI\. .~ 100.porcent '451lercent ;0 percent lS5 percent 1100 percent 

Percent Percent Percellt Percent DaV,' Dag., Dags Dags
03_........... 20 'Ifl ..... __ " 34 :{5, 0 ao,; .....,. __ .. :14.0 


~g::::::::::::l'.......20 ....• .. ·[17· ·--·'··',iii· --"--'·3ii·l..-,··~~2. -- .. ··20~<i· ·----·I\i~o· --·----i9.·s 

SO. __ • __ ...... 13 70 05 30 211.0 1Il.8 17.0 18.0 
85........... 8 OS 50 ,10 26.3 15,4 Hl,2 \0,8 
90 .• __ ........ () -- ........................ ••.. --1 .0 -- ••. --1 

0 
,.-,-- •••',' ••••••• ,.,.,., •.••••••,.,.,.,' ••,.,.

95.... ___ ·. __1 0 40 ...... - -.-.----, .0 a 
100, ''''! '."""__ 10 M 20 1.., ____ .,__ 2'J, {\ 17.5 Ii. 0 
105.... ... ......... . 0 L .. ·, ....·I·O 1·..... __·__ --",. -." 


1 100 Inrlh'iduilis utilized to obtain averages lit ench c(lnuition, 

http:tClI/pcra,f-u.re


5 STUDIES OF EXERISTES ROBORATOR 

Survival was highest in an environment of 70 percent relative 
humidity and temperatures bet·ween 80° and 85° F., and the same 
environment also produced the shortest developmental period. Mois­
ture, however, has a greater effect on the percentage of survival than 
it does on longevity, whereas the response to temperature variations 
is more rapid in rate of development than in percentage of individ­
uals successfully completing their development. It is the opinion of 
the writers that, while the effect is more obscured than in the incuba­
tion period, higher temperatures should be accompanied by increased 
humidities, probably to counteract the increased tendency to evapora­
tion. It will be noted that complete mortality occurred in the 45 
percent humidity when the tempemture was 90°, but that this did not 
obtain in the 70 percent humidity until the temperature was raised 
to 105°. 

ADULT ACTIVITY 

Although temperature and moisture changes definitely influence all 
phases of adult activity, such as movement, feeding,' mating, and 
oviposition, only temperature changes result in pronounced varia­
tions in these activities. Moreover, it is only in extremes of tempera­
ture (below 50° and above 90° F.) that this factor tends seriously to 
restrict normal adult activities. The effects of varying temperatures 
and humidities on the length of adult life and on reproduction are, 

'however, quite evident. The effect on longevity and reproduction of 
relative humidities of 45, 70, and 85 percent and temperatures rang­
ing frolIl 60° to 100° in 5° intervals is shown in table 5. As was 
evident in incubation and larval development, 80° and a relative 
humidity of 70 percent again approach very closely to the optimum 
conditions for adult activity. 

TAllUJ 5,-Leu!!th ot (I,(l'llU Ufe (/'I/(Z o·vipositio'/l. ot Exer;,~te8 room'ator when 
8uojcctca to (U.(fere'llt !c'III.JI('rafU/'e ana moisture cOI/(Ut;.ons 1 

Length of adult life at a A "erage number of eggs deposited by 1 female 
relative humidity of- at a relative humidity of-I 


I 
'I'empernture (OF.) 

I , 
45 percent iO percent 85 percent 

45 per- iO per- I85 per­ .­
cent cent cent I 

I Daily Total Daily Total Daily Total 

!---------------------
I Dav., Daus Day. Jo.ru1IllJer lVumber Number j\;ru1111Jcr Number Number 

60__ •••_••••• __ ••_... 12 25 20 1 12 1 25 1 20 
05•• _._., '" """ __ " 14 31 23 1 14 2 62 1 23 
70.__• ___ ......... ____ 
 28 39 24 2 56 3 117 6 144 
75... __ .. __ • _____ • __ ., 28 :18 168 5 190 7 26680________ . __ .... ___ . 25 39 125 11 440 360
85________.. ___ ._ ..... 20 3i 32~I 5g 100 14 504 12 384 
90........ _._._.. __ • _., 8 12 16 9 108 11 208 

95.,. ____ ... __ ._...... 4 6 ~ __ .._.2. 0 4 24 ttl6 72 
100______ .... _._. __ •. _ 2 2 :; I 0 0 2 4 1 5 

I 10 indh'lduals utilized to ohtuln avern~es nt ench condition. 

THE LARVAL DIAPAUSE 

The requirement of Ewe1'i8h'8 l'obond01' for a resting pedod in its 
larval development has occasioned extensive observations in an effort 
to determine some of the causative factors. Seasonal influences have 
been studied, the type and quantity of food have been varied, and en­
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vironments have been changed by manipulation of temperature ancl 
humidity. All these factors doubtless influence the tendency of 
the species to undergo a diapause. Observations on several genera­
tions of progeny of parents that had passed through the diapause, 
and of those that had not) failed to produce any evidence that hered­
ity is involved. In all these. investigations the results have been 
variable, and in many instances the variation between replications 
has exceeded yariations between eXpedl1lellts too greatly to permit 
any definite conclusions to be drawn. This variability in the occur­
rence of the diapause among progeny of the same group of females 
that had received th.e. sam~ laboratory manipulation and developed 
under the same concbhons IS shown in table 6. 

TABLE O.-O(,('III'I'('n('(' of the ([illpal/so in cliffel'(''/It PI'0[J!'1I11 at (/' tlro·up of Ewer· 
istes 1'0bo'i'({.tor felJl,al!'s that. rcuc;v('cL Ihe sallie labOl'lI/ory '/I/onifJulafi.on alia 
developed; under the SlI1I/.e concl,itioJls execpt for c1Jlle of OViposition 

Date of o\'ipo~itiou Indh'ldunls I..Indi\·idunls II Date of o\'iposition Indi\'idunls Individuuls 
obsen'ed rm dlupuusc I I . observed in dillpuuse I 

--------1 -----1--- ­i /-------- 1

11131 KIt'lllbcr ! Percent it 1031 Number Percent 
Jlln. 19•••. ,. ... 17, 58.811 Jun. 2L....... . :14 04.1 
Jan. 20........ 150! 58.1,JUn.22.... ,.,.......... 14 00.0 


IIndividunls were considered in diapuuse if no perceptible de\'elopment could be observed during a 
3(J.dny period of exposurll to n constnnt telllpetlitllre of 80° P. nnd a constant relative humidity of 70 percent
immediately following the formation of the cocoon. 

It has been ohsel'ved that almost any concHtions acl\-('l'se to normal 
development, slich us restriction of food or ehnnl!es of temperature 
and humidity from a fllyorable to an unfavorable condition, tend 
to cause some inc1iYic1uals to pass into a c1iapausl'. The reCl11'rence 
of the diapause almost eYery year fl'OI11 November to March, as shown 
in table '7, is still unexplained. It sel'l1lS to hnye 110 relation to the 
number of I!enerations that haw inten'ened since the last diapause, 
and in some jnstanees indiyiduals or groups of indi"ic1uals develop 
to adults when 90 percent 01' JIlOl'e of others exposed to the same 
('onditions will matlll'e only after [t. reE'ting period. 

TABLE T.-7'lte 8c(f.WI/.Cll rccurl'cnce Of 1h(' (liapl/lls!' i'll EX('l'isles robor-ator larvae' 

, i Indh'idunL,; Indh'idunls 'I d th IIndh'idnals IIndividuals
1. Cur nnd lIIonth ; observed 'In dinpnus~ Yenr Iln mon I obscn'cd in dinpuuse 

--"~~ •.~"." ._,... I 

I
192H Number Percent IIKIO Nnm/Jcr Percent 

,runc",, __ ., . 7,1).13 2 Mnrelt ·1,:107 i8 
July_. __ ... ". 7,(121 1 April. 21, .,:1i 14 
Au~usL.... .. 25,016 I ~[ny 14, tiOS 21 . 

00' 

September•. ,. . .... 29,313 .J December,_ 2,400 25 
October......... '.'. 2,080 I 
Novelnber___ _ 1,000 40 1031 
December..... 1,000 40 .lnnunry. ]2,000 20 

Februnry __ ....... __ . ·1,012 70 

.19211 

Jnllullry.. " "" __ .. 1,200 20 
February•. ,'''' __ .... ' 10,740 2:1 
:Murch............ "" ]2,350 28
_"-prll.. __ •00' •••• __ 25,090 58 

I All material WIIS exposed to 80° F. nnd 711 percent. relnti\'c humidity throughout the observlltions. 

http:58.1,JUn.22
http:I/onifJulafi.on
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The conditions obtaining during this resting period exert a strong 
influence on both the rate of response and the eventual mortality 
of the individuals. A group of larvae in diapause were kept in 
an environment of 80° F. and 70 percent humidIty until they either 
died or resumed development and became adults. Examinations 
at 10-day intervals, the first being made 10 days after the group had 
been determined in diapause, showed a very slow resumption of 
normal development and a mortality that increased gradually from 
2 to 40 percent (table 8). 

TABLE S.-Emergenee ana mortality of Ea:e";.ste8 roboralor larvae 'i'/l. dirIl)(lU80, 
when reared· a·t 80° F. (l.//Il 70 ]Jeroo//t relative humidity' 

Larvae Larvae 
Time after determined Emer- remain- Mortal­ Time after determined Emer- remain· Mortal-

In diapausc (days) gence Ing in Ity In dlapause (days) gence ing In Ity
dlapause dinpause 

----------------11-------1--------
Percent Percent Percent Percent Percent Percent10 ____________ ..________ 2 60 _______________ •____ • 8

96 2 82 10 
20_____________________ 4 92 4 70__ ._. __ ............. _ 12 76 12
30_____________________ 4 80•••• ___ •.••.•••• __ .•_ 1440_____________________ 6 88 8 74 12 

86 8 60•••• _. __ ...•••••••••• 22 60 18 
50_____________________ 6 84 10 100•••••••••••••_...... 60 o 40 

1 

1100 individuals were utilized in this experiment .. 

Another group of larvae in diapause were placed in storage at 
33°-35° F. and 70 percent relative humidity. Portions of this group 
were removed at 10-day intervals up to 90 days and subsequently at 
longer intervals, and then subjected to developmental conditions 
('80 0 and 70 percent humidity) for 30 days. The response of these 
individuals is shown in table 9. Complete elimination of the t{'nd­
ency to remain in a diapause is noted after 70 days' storage, and 
there waS a gradual increase in emergence as the length of time in 
storage increased up to this point. The emergence occurred within 
30 days of removal from storage, and all indIviduals that had not 
responded at the end of this period were considered as still in 
diapause. 

TABLE f).-B1IlergclIcc (/'//(1 1/I0rt(l/itll of Err()ri8to.~ roboralor /orl)(1e in- aio.pa1l80, 
wllon 811.bjcotoa to 1)(11"1{ing lJC'riods of st(}rUriC a·t 3.'1°-35° F. (ilia 70 ll('rccllt 
rela.tive lwlII"iditll, f07lo1l'cd. b1l30'I/o!l ('.T]J08lfr('s to 80° una, ,'0 pcrccnt1'e7(Jtitro 
hu:miai/y' 

ILarvae Larvne 
Time In storago Emer· remain· Mortal· Time In storage Emer­ remain· Mortal· 

(days) gcnco lug In ity (days) gence Ing in Ity
dilllinuse dillflause 

-------1-------- -------·1---------
Percent Percent Percent i Percent Percent Percent 

0_••_.................. 2 96 2 70 .•••••••.•..•••___ .__ 80 
 10 4 
10••••••••••••••••• _•• , 4 94 2 80....._.............. 100 o o 

9:1 2 90 .•••.••_....... "'" 02 2
~:::::::::::::::::::::I I~ H8 o 180................... 04 o 6 
6 


40••••_•••___ •..••••••• , 20 80 o an" ......•• _........... 92 o 8 

50•••• _•••••••••••_.... 48 50 2 540................. __ • 88 o 12 

60., •• , ••• ,.__ •• _••_... 64 36 o 

1100 Individuals wore utll[~ed In each series. 
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Other attempts to break the diapause of this insect have met with 
little success. Subjecting the material in diapause to a higher t~m­
perature than that at which the condition was produced merely 
tended to increase the total mortality and the rate at which it oc­
cUlTed. Subjecting the individuals to severe shocks. such as holding 
them in a, 17° F. environment for 24 hours and then immediately 
submerging them in water at 1200 for 2 minutes, ('aused some re­
sumption of development. Except where long ~xposures to low 
temperatures were provided, however, the mortahty was too great 
to 1)erl11it the snccessful application of any measure to break up the 
diapause 1)eriod. 

HABITS AND ACTIVITY 

The life cycle of Erreri..9tes 1'ovomto1' as determined in the labora­
tory cannot be used in interpreting the parasite's l'espom:ies under 
natural conditions, because the infhlPnees involYed in its develop­
ment are not thp same in both "ases. The major factors affecting the 
life cyele have already been discussed, and the following presentation 
of the reactions of the parasite in the various stages of its cycle • 
will supply the inforlllation essential to an nnderstanding of the 
development of E. 1'ovorat01' in the laboratory. 

LARY.\ 

The l"ntil'e larval life of Emel'iBte8 1'ovomt01' is spent in close 
proximity to its host, all feeding and development oecurring ex­
ternally. As ::;oon as the young latTa has ('ut its way through the 
chorion of the egg (pI. 1, A; pI. 2, F), it eruwls about oyer the host, 
feeding ut cHfferent places, To obtain food the larva presses its, 
mouth against the borel', millall)' at some tender pad of the cuticle 
sueh as the intersef!ll1ental skin, and with the mandibles cuts through 
the cuticle. holding the mouth firmly uttaehed to the borer.. The 
first-instal" larva (])l. 1, B) feeds little, if at all, on solid food, de­
pending for Hs nOllrishment on till' blood of the hosL which it 
(lxtruds by a slI('king proeess. The second-instal' (pI. 1, (') 1arvn, 
feeds in the sUllle manner, and not until the tbinl-instal' (pI. 1, D) 
is l'eaC'lwd is f('('ding on the fat content of tlw host noted. The 
f0111'th-jn8tnl' luna. (pI. 2, A) conSUllWS InOJ'e of the body content 
of tIll' host and (luts fJ'Pply of the fatty tissue, Thp fifth-jnstal' 
lal'nl (pl. 2, B) finislws consumption of the host, leaying only its 
head, outer cutide, Imc1 oth('1' more solid portions. 

lYl1l'n it is fuU" fed, th<, luna. J'ests for 20 to 30 hom's. It then 
spins a ('0('0011 of , loosely WOY{'11 silk, which finally assllmes a parch­
mentlike tC'xtUI'{', following the ('xIHIation of a viscous fluid which 
the larva deposits on tl1(' silk strands, After the larya has spent 
from 36 to 72 homs ill the cocoon, the prepupal stage (pI. 2, 0) 
becomes E'Yident. Before tIl(' pupal molt takes place, howl'ver, some 
of the semiliquid meconium is deposited as 15 to 50 smull pellets. 

Following the prepupal iitagc fnnll [i to '7 clays is spent in the 

pupal stage (pI. 2, J) and E). Dm'ing this stnge there is usually 
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considerable movement within the cocoon. The insects go through 
many contortions, revolving, bending, llnd pivoting on each end for 
hoUl:s at II time. . 

ADULT 

'Yhen reacly to emerge, the adult cuts a ragged hole in the cocoon, 
l11uch larger' than is necessary, and crawls through. Usually the 
first act after emergence is to void Trom one to several drops of 
yellow meconium. It then cleans its appendages by stroking one 
O'"e1' the other and straightens out any portion that may be crooked. 
The grooming complete, the adult seeks food and water, of which it 
takes small quantities at irregular intervals during the first few days. 

The time of mating depends on the sex. The males make no 
attempt to mute during the first 12 hours after emergence, and only 
rarely until aftH 24 hours. They usually become nggl'essive in 
from 36 to 48 hours and continue so until shortly before death. The 
lunp;evity of a male is inyersely proportional to the frequency of 
matmg. 

In the case of the female, however, mating Illay occur immediately 
upon emergence or at any time during the first 72 homs of adult 
life. Females usually mate seveml times when associated with males 
during this period, but when 72 to 1)6 hours have passed, or oviposi­
tion hns begun, muting is restricted to females that have not pre­
viously matpd, and snch females mate only once. Althou/!:h mating 
of Exari8t('8 I'ObOl'rlt01' is dependent upon the age of thp male, there 
is little ditTIl'ulty in obtaining satisfactory mating under laboratory 
conditiom;. The mall' elllPrg(lS 1 01' 2 clays eaI"lipl.· than the female 
und bC'C'omes sexually mnture in 12 to 48 houl's, thus synchronizing 
with the de.1ayed (·mergence of the female. . 

Tlw f(·male always oviposits on bOl'prs that are conC'ealecl as tht'y 
are usually foul1d hl cornstalks. Rhe locates the host in the stalk 
apparently throngh ~l. Sensp of smell, as oftt'n tIlt' spot at which she 
thrusts lwr ovipositor is mel'ely a location when' the bOl'pr has bpen. 
The act of oviposition in this species requires from 3 to 5 minutes, 
sinee tIlt' female inyariabl~r paralyzes the host bpfore depositing an 
('gg on it. ,V11('n eneounteril1g n bOl'er, she thrusts her ovipositor 
into its bod~T, moY('s it fonnu'd und backward, up anel down, and 
to ea('h side H/!:ain and again nntil the borer cpases to move or 
Hlltil the instillC't to kill tl](' host hns bem satisfied. The resulting 
paralysis ma~r be' either mechallieal or a stupor produced by n poison 
exuch·(l from tllP still/!:, probably both. A single thrnst of the ovi­
positor is sufficipnt to stupefy tlH' borer To!' 2 01' 3 days and mny even 
canse itR death. The 111('chanieal efreet of inserting the odpositor or 
a similar object is also ('Ilough to kill the borpr, as has been deter­
mint'cl through mechaniC'al paralyzation. As soon as the borer is 
paralyzed Or killed, the ft'male deposits un pgg on or near it. 

Pnder laboratory conditions the female f!,'.N'1·isi('s rooomto1' seems 
to have little prpferpl1C"c eitl1Pr for a. Spt'cjfj(' host or for a particular 
instal' wht'n oyjpositing on pY1'((;u,slw 'II1loila7i~. OvipoBition has 
occurred on all the instal'S of the host from thp second thl'ollgh the 
full-fec1lnl'vu, Lut no parasitps were prodllcpcl when oviposition was 
uyon any in~tar previolls to the 1ifth. A f(,l.nal(~ may oviposit many 
tImes on lL borer, and severnl femalcs mny OVlpoBlt on the same borer. 

81868°-34-2 
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The parasite seems to have no means of distinguishing parasitized 
from unparasitized borers; in fact, parasitized borers were more 
attractive in test material. 

There is considerable variation in the time of day at which ovi­
position begins and in the number of eggs deposited by different 
females. It is thought that under natural conditions oviposition 
occurs only during the day. Light stimulates the female to activity, 
provided the temperature and other conditions are favorable. There 
is no a.pparent variation in the response of Ewe1'istes 1'obomt01' to 
different kinds of light. There are, however, differences that occur 
over short periods which may affect the normal oviposition; e.g., 
there is no oviposition for 36 to 48 hours after females are moved 
from a lighted into a totally dark environment. Either continuous 
light following 24 hours' darkness or intermittent light (12 hours 
dark and 12 light) abnormally increases oviposition over a period of 
48 to 72 hours. Normal deposition, however, is resumed in either 
total darkness or continuous light if the adults are retained in either 
for 4 or more days. 

Therefore, artificial light stimulates the female to activity just 
as natural light does and, other factors being equal, oviposition occurs 
at a similar rate. After oviposition has started, it proceeds nor­
mally subject to the influence of temperature variations, the num­
bers of eggJ> deposited increasing as the temperature is raised until 
the maximum production is attained and then decreasing rapidly. 

The number of eggs deposited by different females in 1 day and 
during their entire life varies enormously. The reason for this 
variation is not known. However, since females that are induced to 
oviposit where no borers are available for food depo.sit very few 
eggs, it may be assumed that oviposition is dependent to a certain 
extent upon the presence of some food other than sugar. On the 
other hand, some females are more productive than others. Thie:; 
may be due to differences in size, in available food, in natural po­
tential, etc., and is not peculiar to Erce?'i,~te8 1'ob07'a.t01'. Thus, in 
the summer of 1929 isolated females kept. under field conditions de­
posited from 1 to 9 eggs pel' day and the total deposition per female 
ranged from 1 to 83. A similar group of isolated females main­
tained in the laboratory deposited a minimum of 1 egg and a maxi­
mum of 40 eggs per c1ay~ or an average of from 1 to 13 per female, 
and the total depositioll pel' female runged from 115 to 679, 

REARING METHODS 

After the practicability of rearing the parasite in the laboratory 
had been ascertained, a breeding technic was evolved by Thomp.son 
(5). It was immediately appreciated that the development and re­
finement of this technic would provide It source of adults for libera­
tion purposes that would be much more economical and practical of 
operation than continued importation of field-collect{!tl materia1 (~, 
pp. 8-14). This technic has been improved by the writers and has 
been utilized to supply practically all adults of this specie,., released 
in the United States and Canada. The yarious steps in the technic 
as it has been utilized at the Monroe, Mich., labol'lltory are presented 
to indicate the possibilities of Ilsing sllch It procedure with other in­
sects of the same type as Eweristes roboratO?'. 
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COLLECTING ADULTS 

Immature forms of Erve1i8tes rooo1'atol', obtained from developing 
stock or from storage, are. placed in an emergence cage (fig. 2, A). 
As the adults emerge, they are transferred to a compartment cage for 

FIOUREl 2.-,,1, Emergence cage; B, ovIposItIon cage, for JiJa:crl8tcB roborator. 

oviposition (fig. 2, B). Each compartment contains loaf sugur and 
cotton saturated with water in addition to a corn pith containing 
paralyzed Pyrausta. ntUbilau's larvae. During the first 5 to 7 days 
6 males and 6 females are maintained in each compartment, the 
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males to insure £ertilizationo£ any females that did not mate in 
the emergence cage. The males .are then removed, as they tend to 
interfere with )}.ormll:1:female activity when confined in cages. The 
females that die are·Teplaced by living females, and empty compart­
ments are refilled with new males and females. All compartments 
are maintained in a ,sanitary condition at all times. The cotton is 
moistened and both cotton and sugar are replaced when necessary. 

ARTIFICIAL P ARALYZA1'lON 

As natural paralyzation of borers by EX(,1i8te8 rooomto1' is im­
practicable for quantity production of the parasite in the laboratorv. 
nlrious methods of accomplishing this artificially were tested. TIle 
method finally adopted consistso£ immersion of the borers for 10 
minutes in water having a temperature of exactly 49° C. (120.2° F.). 
Higher temperatures '01' longer immersion tends to harden the borers 
so that they are unsuitable for feeding purposes, and lower tempera­
tures or shorter exposures will T,l'ot paralyze them. Clean, fresh 
water is used each day, and the container (fig. 3, A) utilized to hold 
the borers must also be clean. The water in which the container is 
immersed must. be o£ sufficient volume to J11!l.intain a constant tempera­
t1ll'e when the borers are placed in it. The borers are scattered thinly 
{lver a tray and allowed to q.ry (fig. 3, B). Borers lutving; an excess 
of moisture on them are not used, as they are liable to develop rot 
or become moldy. 

OVIPOSITION Pll'HS 

In order to facilitate oviposit~on and the manipUlation of the eggs, 
oviposition piths are prepared by hollowing out sections of cornstalks 
on one side. and covering the groove with paper (fig. 4, A) held in 
place with'rubber bands. One of these piths containing paralyzed 
borers in the groove is placed in each compartment of the oviposition 
eage (fig. 2, 0). Care must be used to viace the pith firmly agaim,t 
the glass front or the compartment with the grooved sm'face up. 
Since man~ ·eggs hatch in less than 48 hours in the incubation envi­
ronment, tnc piths are replaced daily. This operation is performed 
with the glass front of the cage facing the light. 

CARE OF EGGS 

In ol'der to obtain the maximum number of parasites from available 
eggs, each egg must be isolated on a separate host. Accordingly, one 
paralyzed borer is placed at the bottom ~£ each of. as many vials :IS 

necessary (fig. 5, A). For ease of handlmg, the VIals are placed1l1 
racks (fiR" 4, B) and a number of these racks are carried on a tray 
(fig. 4, OJ. After the borers have been placed in the vials, the para­
site eggs are transferred from the piths to a s11100th, sterilized sur­
face. One egg is then placed on each host with a small camel's-hair 
brush (fig. 5, B). The brush should be kept moistened with distilled 
'water while in use. AU the material is then placed in the incubator 
room at 80° F. and 70 percent relative humidity for hatching and 
larval devel.op~lent. 

CARE OF LARVA:E 

The developing material requires no nttention for 5 dfJ.ys, at the 
end of which time the first cocoons appear, indicating conclusion of 
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FIGunE a.-A, Container for immel'slon of PI/rr/lIsl." mlbilllliH lllrVllC III wllteJ.'; B, drying
pllralyzed P. IwbiialiH Illl'Vlle. 
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the larval period. Examinations are then made every second day 
and vials containing cocoons or dead parasite larvae are removed 
from the racks, and the borers in the remaining vials that are no 
longer suitable food are replaced. 

CARE OF COCOONS 

The handling of the cocoons is contingent on the purpose for 
which they will be used. If additional breeding stock is required 
.or if a liberation program is in progress, they are placed ill an 
emergence cage for adult emergence and disposition. If, on the 
other hand,and as is the more usual circumstance, the Cocoons are 
produced in the course of breeding looking toward liberations several 
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und vinls, for rearing E;z:ci-istc8 roborator. 

months in the future, they must be treated with special care to avoid 
disastrous mortalities. 

STORAGE 

The problem of proper storage arises because of the necessity of 
synchronizing liberations of the parasite with the presence in the 
field of the host in a. suitable condition for parasitization. The fact 
that there is only a short period in which synchronized liberations 
can be made precludes the accumulation of a sufficient quantity of 
adults for liberation purposes except over a. much longer period of 
laboratory production. This restriction necessitates the emergence of 
adults, when liberation .is being accomplished by release of adults, 
over II. much shorter l)eriod than is required to bring the desired 
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number of individuals up to emergence. A method had to be de­
vised, therefore, to induce varying degrees of delayed emergence of 
the parasite. 

This has been accomplished by placing either the pupa or the larva 
when in the diapause in cold storage at 32°-40° F. and a relative 
humidity of 75 to 90 percent. Temperatures higher than these were 
found to permit an undesirable development, while lower tempera­
tures caused malformed individuals to emerge and in some cases 
increased the mortality of all material. Emel'istes roborator pupae 
and larvae in diapause can be retained in storage under these condi­
tions for 6 months with no evident harmful effect on subsequent 
development, and larvae in 
diapause can be kept as 
long as 10 months with a 
negligible increase in mor­
tality. 

It is important that the 
mat~rial be prepared prop­
erly for cold storage. In­
sulation with 4 to 6 layers 
of heavy wrapping paper 
should be. provided to pre­
vent evaporation of mois­
ture and to regulate the 
temperature (fig. 6, A) . 
Exposure of the material to 
the storage environment 
and the return to develop­
mental conditions should be 
gradual, with not more than 
a 10° change in temperatur{~ 
in 1 day. 

EMEItGENCE 

After the material has 
been removed from stor­
age, it is treated in the FIGUItfl G.-A. Flllln~ rl~nrlllg vlnls with Euro­
same way that nonstored 1It'IUI corn bOrel"H paralyzed by IllIlllcrHlolI III 

hut Willer; B, trnnHrerrin~ E:r.criHlf:8 roboralol' 
pupae and larvae are treated; "ggH onto pnrnlyzl'd hu~tH. 
that is, it is placed in an 
emergence cage in the incubator room, and the emerging adults 
pass from this cage into the migration cage, (figs. 6, B, and 7, A). 
The adults are then removed from the migration cage and prepared 
for liberation in the field. This preparation consists of dividing the 
adults into colonies, balancing the sex ratio, feeding, ,,,ateX'ing, and 
retention in.an environment conducive to mating for at least 24 hours 
prior to release in the field. 

FIELD STUDIES 

Following several seasons' unsuccessful attempts at colonization of 
Emeristes 1'obo'l'ai01', field investigations were started in an attempt 
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to find out why this pnrasite is tillable to maintain itself in the Lake 
Erie area. Field plats and cages (fig. 7, B) were utilized in order 
to render material available for observation. Although these arti ­
ficial conditions did not duplicate the natural environment of the 
parasite, they were sufficiently close to permit the observations to 

be applied in inter­
preting the field 
status of the para­
site in the environ­
ments studied. 

CLIMATIC INFLUENCES . 

One of the first 
considerations was 
the clirect effect of 
meterologica.l condi­
tions prevailing in 
this area. From 
fie 1 cl observations 
following" liberation 
and initi al estab­
lishment on full-fed 
host larvae in the 
fall, it was early de­
termined that the 
parasite was capa­

". 	 bIe of withstanding 
ing winters in this 
area. It was also 
observed, however, 
thateo n tin u e d 
maintenance failed 
and that the only 
parasites that sur­
yiYed the winter 
were those reared 
from adults released 
late in the summer 
or in the £:.tH. Ac­

FIGUUI1 G.-A, Prcpartltlol1 of E:l),·ri.~tcH roborntor I.l\,vue corclinfyly observa­
nnd JlUJlne for stOrll/!l'; 11, rlIll'rgt'l1ce C,"!e, with llllgrn- 1-' '" • 1 t' d 
tlon cnge Ilttn('ilc<i, f,ll' E. rolJtJrfI/(}r. - dons were con Inue 

for an entire season, 
during which a supply of host larvae suitable for parasitization ,val:> 
kept available at all times when the parasites might be active. 1Vith 
these precautions no difficulty was encountered in rearing successive 
generations of the parasite from one year to another. . 

It is appreciated that the eflicicJlcyof the parasite might be affected 
by certain climatic conditions that do not as yet appeal'. 

LIFE CYCLE 

In order to determine the relationsh~p between Exet-istes ?'obora­
tqr. an~l Pyl'au,~ta, 1l1lbildi.s and the l:l'quirementsfor successful para­
sItizatIon. a study was mndl' of the 11f(' ('~Tcle of the pal'asit('. 
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.FIGUIlE 7.-..1, 1Iligrat\oll cage rUI' ExcrifftcH rlllwl"lltur; 11 field cage 011 weeds and debris 
dUl'lng hibernation. 
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RELA,TIONSHIP BETWt:EN DEVET.Ol'MENT OF HOST AND PARASITE 

The first study was to determine the limits of host development 
that would support the parasite to maturity. The results of exposure 
to the parasite of Pyrausta nubilalis larvae in different stages of 
development are given in table 10. 

TABLE lO.-DC1;elopment of Emcriste8 roborator following the para8'itizaU()1~ of 
variolls stage8 of Pyrall.'Jtu, mtbilaU.y larvae 

Specl· . Stage ol P. mens Effect on host Host condition lollowing Degree ol parasite 
nubilali! other than paralysis parasitization developmentused 

Number 
Thlrd.••••_........ 200 Bled••••••_.___ •__ Dried. __••_._. __ ....._._ First and second ,instars. 

Fourth_____ •__ .____ 200 •__ .•do___ •__•••___ •• __ .do__•__ . _____________ Second and third instars. 
Earlyrirth.. __••_.. 200 None____ ._._._____ Rot and lood shortage .._ Third and filth instars. 
FulI·led.________.__ 50 _.__.do______ •___ ••• RoL ............ , __ ._... 5 percent emergence. 
Late lull·led._ .. __ .. 50 _••••do.••__ . _______ Sound______ •• - •• __ •____• 20 percent emergence. 
Hibernating.•_.• __• 50 _____do____________•• __•• do ________ ._ .. __..... 60 percent emergence. 

It is evident that development of succeeding generations of para­
sites is dependent upon the availability of host larvae that have 
reacIIed their fifth instal' when the oviposition period -of the para­
site occurs. The pllrasite will, however, attack and kill borers in 
other stages of larval development, and thus cause an immediate 
reduction in their number. The data suggest two possible explana­
tions of the nonsuitability of borers in the early instal'S to serve as 
hosts for the parasite. The first is that the physiological condition 
of the host brought about by the sting of tfle parasite-that is, 
excess bleeding or other breaking down of vital functions-may 
bring disaster to _the developing parasite larva. The second is 
primarily the limited quantity of food available in the early instal'S 
of the host. The immediate effect is the production of smaller 
parasites, and finally the parasite larva becomes so weakened that 
it cannot perform its normal functions of pupation and emergence. 

JWEHAGE CYCLE IN THE LAKE ERIE ENYmON~[ENT 

Life cycles of many Emeri$tcs 1'obomt01' have been carried through 
on hibernating PY1'a.usta. nu.bilalis larvae. Although wide variations 
will occur as conditions (particularly temperature) change, a cycle 
that may be expected under normal conditions during the active 
period in the Lake Erie environment is briefly outlined in the ensuing 
discussion. 

In emerging, the auult cuts a ragged hole through the cocoon and 
escapes into the borer tunnel. It then cuts a round, smooth hole 
in the stalk and through it escapes to the open air to search for food. 
Both males and females have been observed feeding freely on sweet 
material such as honeydew and nectar. 1'he females also feed exten­
sively on paralyzed borers prior to oviposition, and during the ovi­
position period this is almost their only source of food. 

Mating may occur immediately upon emergence of the female and 
continues throughout the preoviposition period, as was found to be 
the case in the laboratory. After It preoviposition period of from 
5 to 7 days, the female locates prospective host larvae, paralyzes 
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them, and then deposits one or more eggs on or near each larva. 
It has been observed many times that the female will deposit her 
egg .regardless of the condition or suitability of the host, choosing 
a partially eaten larva just as readily as one in perfect condition to 
develop the parasite. Furthermore, several females may deposit 
eggs on the same host larva. Although multiple parasitism occur­
ring from the activity of a single female is rare, as many as three 
eggs have been noted that .have been deposited on a single host 
larva under conditions fairly comparable to those that obtain in 
nature. 

Oviposition continues for 18 to 20 days. After the egg hatches, 
which is from 36 to 48 hours after its deposition, the young larva 
immediately starts feeding externally on the host, as described 
under the laboratory studies. Feeding and development continue for 
7 to 9 days, and then the parasite larva is full fed and spins its 
cocoon in the borer tunnel. It remains as a larva within the cocoon 
for 5 days, pupates, and .emerges 10 days later, thus completing a 
cycle from adult to adult m about 29 to 33 days. 

As determined in extensive laboratory examinations, females of 
Eweri<Jtes roboratol' have an average potential reproductive capacity 
of about 350 eggs, which can readily be realized under laboratory 
conditions. This potential, however, is greatly reduced in the field. 
It dropped to 50 under cage conditions, which are considered more 
favorable than natural field conditions. All observations in this 
area have indicated that under field conditions the parasite has 
difficulty in locating hosts, and this is probably the chief factor 
contributing to the low reproductive ability of the parasite when re­
leased ill natural environments. 0 

SEASONAL HISTORY 

One of the most important factors controlling the efficiency of 
a parasite is the synchronization of its life cycle with that of its 
host. Accordingly, the seasonal history of EaJ('1'istes 1'obomt01' has 
been observed both in the laboratory and in field cages. 

WITH HOS'l' MANIPL"LATlON 

The first seasonal-history studies were conducted withoUt regard 
to normal host development, the natural supply of hosts being sup­
plemented at any time when numbers in the experiments became 
limited or when they were not normally present in the field. Under 
these conditions the parasite completed either 3 01' 4 generations 
in this area, the number being dependent on individual differences 
rather than on climatic restrictions. The natural variation in the 
rate of development of different progeny of the same parents permits 
the earlier maturing forms to complete 4 generations while more 
slowly developing forms can complete but 3 generations during the 
period available for insect activity in the Lake Erie area. 

The parasites begin emerging from hibernation between May 5 and 
17, and emergeIlce continues for from 20 to 30 days. From May 
15 to September 15 a generation is complet~d every 30 days, but 
there are no we11-defined points marking the end of one generation 
and the beginning of the next. Accordingly, except for a brief 
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period in the spring immediately following resumption ?f activity, 
all stages of the parasite may be encountered at any tune of the 
season. A certain percentage of the larvae in each generation enter 
a diapause the smallest percentage in the spring with an hlcreuse 
to an ayer3~ge of 50 percent as winter approaches. 

Most of the larvae that do not entei· a diapause die during the. 
cold weather. Pupae withstand the rigors of winter fairly well, 
and they resume active development immediately when th~ tempera­
ture becomes favorable, and often adults emerge so lute 111 the fall 
or eurly in the spring that there is no opportunity for oviposition. 
It has been concluded~ therefore, that the fllll-fedlurva that has been 
in diapuuse is the true hibel'llating stage of EX('1'iMes 1'obm'ator, all 
other staO'es oceurriJw durin" the wi liter beintr more 01' less inci­
dental and subject to ~omplet~ mortality in acc~'dunce with climatic 
conditions. 

WITH NATl"lIAL J)EVEI.OP~!ElNT OF HOST '\XJ) PAIIASln: 

Attention was npxt ('pntprp<1 on the sNlsonal eyelp of PJ/1'au.yta 
nubllali8 that prevails in tIll' ar(':t Illldt'r tliHtuHHion. These observa­
tions ~were conducted in fipld plats, ('age,~ being Ilsed to prevellt adult 
(]issemination. One plat eontained an ahundante of overwinter­
ing P. nubilalis larvae naturally establiHhetl in cornstulks and other 
dpbris. A .se('ond plat waH planted to ('01'11 and the plants were arti­
fkially infested with p, mibilalht larvae concurrently with natural 
field deposition, At the time of the fh'st natural emt'rgence of adult 
parasites, E;c(!1'istes rObOl'(lt01' adults WPI'e released in a cage placed 
over the hibel'11ating host mat('rial Mated f('male pamsites were 
added to the original stock throughout the spring-emergence period 
of the parasite in order to maintain the OI'igina1l1l1l11ber released in 
the cage, E. 1'oool'a:to/' can complt,tp but II ~ing]e gpneration on hiber­
nating P. 11fubi7alis lal'vap in the Lake El'ip area, aH the supply of 
host larvae is ('xhausted by pupation when thp first-gen('ratioll para­
sit(', ad nlts bpgin to emt'rge, Th01'£'fore, as soon as the ad uIts of the 
first generation of parasitt's emerged, they wel'p transf('rred from the 
hibl;'l'l1atioll ('age in the fil'st plat to the cage in the secont1 plat con­
taining developing P. mlbilah:~ larvae. 'rhe parasites werp sllpple­
mellted occasionally by adults from othC'I' SOu]'ces to insure the pres­
ence of an ample supply of ovipositing females. . 

Throughout the ppriod of tht'se Y'pleases first- to fourth-instal' hosts 
were present, but 110 p:l1'asitt' larvae tlewioppd beyol1(l the second 
instill'. The last-pmel'ging individuals of the first gPllerntion inva­
riably "'ere ready for oviposition prior to the appearance in the field 
of host larvae in a concJition Imitable to be parasitizpd and to support 
the developing paraRite to maturity. 'l'he only ex(,pption was found 
in parasite larrae that underwent 11 diapause in the first generation. 
Adults from these individuals, however, do not emerge until the 
following spring, am1 th(' numbers are so small that they are of ; 
negligible importance. 

A study of the RPllsonal histories of PJj-J'{l1{,yta, 111(017a7i,8 (1) and 
Exe1'l~~te8 1'oboralm' lndi('at<'s that 0]](' of the ('hief oustaC'les to the 
maintenance of E. 1'obol'atol' is that during the period of parasite 
activity, from J\fuy 15 to September 24, its host is prt'sent in the field 
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in a stage of development capable of supporting E. 1'oo01'aJ,ol' for 
only 2 months, from May 15 to June 15 and from August 24 to 
September 24. 

A third series of tests was conducteu in which the parasite was 
manipulated to suit the seasonal cycle of the host. In these tests 
stock material of mated Eli'el'isles 1'oborat01' females was introduced, 
at 2-week intervals throughout the developmental period, into field­
plat cages containillg normally developing host larvae. Periodic 
dissections of: the host-plant materiall'evealed that in no case was E. 
1'oooraio)' able to become established until full-fed host larvae became 
available. 

These observations giye further ])1'001' of the poor synchronization 
of the seasonal cycle of J(. 1'oboratol' with that of Pyrausta ml.oilalis, 
and indicate that under these· conditlons J(. 1'oVOl'((!or canJlot be 
expected to beeome an important iactor in the biological control of 
the European corn borer. 

ALTERNATE HOSTS 

Attention 'was then directed to the possibility of alternate hosts 
supplying the requirements of E.ul'isies 1'oboratol' that are so evi­
dently missing in P/j1'austa. nubifaNs. Thompson and ];>arker report 
that in Europe E. 1'obol'ai01' (6, p. 3.0­
is oPPuJ'(mtly Ycry polrphugous, uttu<:],illg tll(' hlrYllC of Doth Lepiuopte1'll and 
Co]eolltern. The species on whi<:h it preys Sel'!Il, llOweycl', all to bc' like 
PJI"(t/l.,~tn, insects suell as tile c:Icarwing JllOth:; (Sesia. ::;lJjl.), ana the weeyil 
OrYllro"""1/llchu8 laTinthi L., which in the larnll stage nrc borers Jiying ill 
tunnels in yurious plants. 

Accordingly, a l1umberof hosts that are present .in appreciable 
numbers in the Lake Erie area. were tei'ited in both labomtOl'y and 
field-plat eX1X'ljments. Many of them. were found to be unable to 
support the parasite because of their pll~Tsieal or physiological char­
acterisHcs. Such proved to be the case wHh the Paz]aipc1l1a group, 
the parsnip webworlJ1 (DC}JI'(,8S{(l'ia 11-('l'ac7iana, DcO.), and the cat­
tail bon'!' (.Al·.:;am.a. oMi!)1W 'Valk.). Other spec·ies were well adapted 
to parfisitization by Il;r(?I'iBiCs 1'OU01YttOl'. The.se species included the 
eldet· borer (AcllOiod(,8 Z('(U! Hal'J'.), the codlmg moth ((}al'pocapsn 
p07non'(]ll(~ L.), and two species ot' PY7'(lU8ta (aillBliei Hein. and 
penitalis Grote). With the exception of P. a'illBliei, however, the 
seasonul cycle c1iyerged farther irom. that of E. robm'atol' than clol's 
P. n'ltbiZali8, muking them incapable of aSRisting :in lnaintaining' the 
parasite, although they serveu as an additional potential host supply 
when available. 

Because in this environment the seasonal cyele of P.lfl'a?tsta ain8Nci 
agreed with that of E. 1'ouomi01' better than did that of any other 
species observed (not excepting P. 'Ilubil-alis), more extensive tests 
were made to determjnc its aetual suitability as n host for E. 1'ob01'(J,­
tOl'. Although synchroJlization with P. a.in~liei is cloi'ier than with 
P. nubiZaZis, Similar limitations prevent maintenance of this parasite 
throughout its active period when this species (P. ainsliei) is the 
only host present. It js possible that this critical period in the 
parasite's development may be brid~ed by utilizing both P. nubilalis 
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and P. ainsliei as hosts in a.reas where they are both present in 
sufficient numbers. It has been observed that the latest emerging 
individuals of E. roborator, produced in the spring on p~ ainsliei 
borers that have overwintered, could be present in the field when the 
earlier developing P. nubilalis larvae have progressed sufficiently to 
enable them to support the progeny of these lote-emerging parasites. 
For this phenomenon to be successful, an pxtremely delicate adjust­
ment of seasonal cycles of E. 'J'oboratol' and these two hosts must be 
maintained, and therefore the ultimate result would not tend to 
increase the abundance of the parasite materially. 

FIELD STATUS 

In the environments under observation there was no evidence that 
EWe1istes robora:tol' is capable of maintaining itself in the Lake Erie 
area at present (1933) infested with PY'I'a:u.sta nubila'Us. A number 
of colony releases resulted in its· initial establishment, but without 
producing succeedinlJ" generations. 

This apparent inability of the species to persist from one season 
to another is shown by the liberation and recovery data assembled 
in table 11. The data summarize observations over a period of 7 
years in all localities where adequate attempts at recovery were made. 
The 1927 and 1928 seasons have been divided into three periods-the 
first extending from May 5 to June 15, when suitable hibernating 
larvae of PY1'austa 'J1tuMlalis ar(} available in the field; the second, 
from June 15 to August 10, when host larvae, although present in the 
field, are unsuited to support the parasite to maturity; and the third 
continuing from this date, at which time host larvae are still unsuited 
to support the parasite but are snfficiently developed to reach the 
fifth instal' before the end of the oviposition period of parasites 
emerging on August 10 or thereafter. In the last four seaSOns all 
releases were made prior to June 15. The recoveries and collections 
were recorded the spring after the date recorded in the table. In 
each locality where recoycry was made, the entire supply of corn­
stalks from the field (10 to 14 acres) was placed in a· cage the spring 
following the release before they could be exposed to any parasite 
activity other than that occurring during the season indicated. It is 
estimated that at least 250,000 P. nubilaUs larvae were contained in 
the stallrs l)laced in each c~ge. In all other instnnces recovery at­
tempts were made by collecbng snmples of 500 COl'll borers at rundolll 
from fields :in the immediate vi('inity of the liberation point. 



TABLE ll.-Releases oj Exeristes roborator at all 7)oints -in the Lake Eric arctt lit which adequate attempts at recovery were made 

Number of E.caisla ra/Jomlar udults relensed ut the time indicated 

Locality 1027 IU2SI 
--~--__-. I 

1929 1 1030 1 1931 L 1032 1 

May 5 to " JUlie 10 to IArter '\u~. BCfOreJUlle/ JUliO 16 to IAfler Aug.
JUlie 15 ,

I 
Aug. 10 

_ 
10 Iii Aug. 10 10 

. ! .._... .. i .. - ........·~ ..··~---..·-- ..-.-....... - .. -.' I:Il 
~Monroe County. Mlch....... __ O,li5! 2"1V5 1'5,OiHHl I,S601 1,062 S,215(R) '(C) (C) (C) (0) 
cj
St. Clair County, Mich ....... .. 2,iSI, ......... .!I,IW(H) 2,451 1,918 1,700 (n) (C) (Cl (0) (C) 


Lucus Counly, Ohlo•••. __ .. .. 3,622 (C) (C) (0) t::l

a,·IS2 i"'"'' . I W) 2,000 2,OlJli ~O) m) ...

Erie Coullly, Ohio....... . 2.000 " ...". :1. (f') .. ' '1" .. (C'l C) (C) (C) trj 

Steubell COllllly, Ind ..... . 3,99i (0) I,W3(C) (Ol (0) I:IljSummit Counly, Ohio .... . 3,9i5 (0) 1,985 (0) (0) 

Cnttnrnugu$ County, N.Y ... 3,098 (e) 1,989 (0) (C) (C) 0 

Wyoming County, N.Y•.•.•. j I 

.1., 2, iOO (C) 1,074 (e) (0)
~C) "l 
Onklanrl Counly, Mich .... .. 3,985 (C) 1,096 (C) C) (C) 

trjHallcock County, OhIo.... .. I: ·1· J. ~ ~ ~ 3.985 (0) 1,IlIH (Ol (C) (Ol 
~ Lenltwee CQUnly, Mich.,. I ! ' 3,985 (0) 1,986 (0) (0) (C) trj 

nenr~- Count~.., Ohio._. . 4,9i4 tC) 959 (0) (0) l::i..~_~~.___' __ '1 ___'_"'_'"_"'_"____--'--_---'--_~_ .... 
UJ 

1 All releases were Illude prior to June I';. trj , (R)ludicntes thaI adults were reco\'cred in the spring fullowing the releuses. "" 
• (C) indicates lhat collections were made in the spring followiug the dute specified but 110 udults were recovered. I:Il 

!:d 
0 
~ 
0 
!:d 
>­
~ 
0 
~ 

~ 
~ 
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It will be seen that adults were recovered in only 2 localities out 
of the 12, and that in both these .localities recoveries were made in 2 
successive years, each in the spring following fall releases of the para­
site, in other words without the intervention of an entire season 
between release of adult parasites and subsequent rea,ring from field­
collected borers. The only instance of a fall release III which no 
adults were recovered was at Lucas County, Ohio, in 1928. In this 
case, however, the entire supply of cornstalks in the field was not 
placed in cages, as was done in the localities where recoveries were 
made. 

These observations, while substantiating the conclusion reached as 
a result of the biological studies, that the parasite can sllccessfully 
overwinter in the Lake Erie environment, strongly indicate that 
permanent establishment was not attained. No recoveries were ever 
obtained at any of the points listed in table 11, unless, as indicated 
above, releases were made after the completion of the critical sum­
mer developmental period. In many of these centers of liberation 
there was without doubt satisfactory initial parasitization of the 
borers available at the time of the release. Such parasitization as did 
occur, however, would not be permanent because of nonharmony of 
developmental phases of E. ')'OVOmi07' and P. nuoilalis from June 15 
to August 10, or probably later, since August 10 is the earliest date in 
the area under observation when host development has IJrogressed 
to a point that will permit the parasite to exist. 

Data on further releases of Emel'UJtes 1'ooomtol' adults in this area 
are presented in table 12. Although recovery attempts at these 
points do not approach in adequacy those previously discussed, a shu­
ilar lack of permanent establishment of the species is evident. A few 
recover~es were made immediately after the release of adults, but 
succeedmg attempts were unsuccessful. 

TABT,E) 12.-Releascs Of Emcri.stcs roborlltor at aU points nt which ollly lill1ited. 
recovery attell1pts hcn'C becn 1/1ade 

I Pnrnsites PurnsitesLocality Localitylibcrntt'<i liberated 

Number Number 
Luke County, Ohio ................... , If 208 (5) Wayne County, Mich. __ •••_••••••• 1,847 (I)

Erie County, N.y.................... 11; 519 (5) Macomb County, Mich ............... 1,910 (I)

Erie County, Pu ••••••.•••••••••••••• 8,433 (3) Jnckson County, Mich............... . 1,682 (1) 

De Kulb County, Ind ................. 13,092 (5) Elkhnrt Count.y, Ind._............. .. 3,823 (2)

Lornin Count.y, Ohio .... __ ........ . 1,009 (I) Will County, Ill .........." •••••••••. 2,302 (2)

Wnshtenaw County, Mich ............ n,73O (3) Ottawn County, Ohio ................ . 1,726 (11

Buran County, Ohio ................. . n,832 (3) Wood County, Ohio •••.•••••••••••••. 1,745 (1

Genesee County, N.y............ " .. 10, un (3) Ashtubula County, Ohio ............. . 1,919 (1

Crawford County, Pn ....... ______ •.. 11,086 (3) Jefferson County, N.y•.•.•.•••••.•••. 1,955 (1) 


'Figures in parenthesis indicate the number oC years in which releases wero illude. 

SUMMARY 

EXe'J'j,'3tcs ?'oo01'afo1': an external ichnemTIonid parasite. of the 
European corn borer, is gcncrully distributed throughout Europe and 
has been imported and extensively liberuted in the United States. 

A laboratory environment of 80° F. and 70 percent relative humid­
ity is nea.r the optimum for the parasite's development. Variations 



25 STUDIES OF EXERISTES ROBORATOR 

from this environment in either temperature 01' moisture tend to 
react adversely, particularly if the variation is toward higher tem­
peratures not accompanied by higher relative humidities. 
~any factors contribute to the occurrence of a diapause in the 

larval stage of this parasite, but apparently no single factor entirely 
controls it. The parasite best survives the diapause when it is kept 
in an environment conducive to slow development as produced by 
temperatures of 33° to 36° F. 

The adult female first paralyzes the host larva and then deposits 
an egg on or in close proximity to it. LittlG preference is shown in 
the selection of a host, but only fifth-instal' larvae will support the 
parasite to maturity. Hatching and all larval development occur 
externally upon the host. 

Emerlstes 1'ooorator Can be reared in the laboratory in sufficient 
numbers to permit extensive liberations in the field for the purpose of 
determininrO' its importance in corn-borer control. 'rll£' method 
consists 0 ' transferring the parasite eggs -from the o,riposition 
medium onto host larvae that have been paralyzed by immersion for 
10 minutes in hot water at exactly 49° C. (120.2° F.). During 
hatching and development an environment of 80° F. and 70 percent 
relative humidity is maintained. To permit extended breeding 
periods followed by emergence of ndults over the comparatively 
short libera.tion period, developing Inaterial may be stored in an 
environment hll,ving a temperature range from 32° to 40° F. und a 
relative-humidity range from 75 to 90 percent. Puplle Illld larvae 
that u11Clergo a diapause, particularly the latter, react to this treat­
ment better than do other forms. 

It appears from field studies, for the most part conducted under 
controlled field-plat conditions, that the factors limiting the effec­
tiveness of the parasite in controlling the European corn borer in the 
Lake Erie area are the nonharmony of the seasonal cycle of the para­
site and that of its host, PY/J'amfa n,noilalis, the nOllharmony of the 
seasonal cycle of the parasite and that of other known potential 
hosts, and the low bIOtic potential of the parasite undel" field 
conditions. 

Although Emeristcs 1'OOOl'at01' has been extensively liberated 
throughout the territory infested by the corn borer in the United 
States, and has become initially established in many instances, there 
is no evidence that the parasite can maintain itself in any environ­
ment within the limits of the present (1933) infested areas or that 

If 	 it is likelY' to bp of more than insignificant importance among the 
general influences affecting the abundance of Pyrausta nWbilalis. 
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